UNCLASSIFIED 


AD  NUMBER 


AD882232 


NEW  LIMITATION  CHANGE 
TO 

Approved  for  public  release,  distribution 
unlimited 


FROM 

Distribution  authorized  to  U.S.  Gov't, 
agencies  and  their  contractors;  Critical 
Technology;  MAR  1971.  Other  requests  shall 
be  referred  to  Air  Force  Rocket  Propulsion 
Laboratory,  ATTN:  STINFO,  Edwards  AFB,  CA 
93523. 


AUTHORITY 


AFRPL  ltr  dtd  20  Dec  1971 


THIS  PAGE  IS  UNCLASSIFIED 


AD  fa. -  4*8822  32 

DDC  FILE  COPV  z 


LONG-TERM  STORABILITY 
OF  PROPELLANT  TANKAGE 

H.  M.  WHITE,  2ND  IT,  USAF 


TECHNICAL  REPORT  AFRPL-TR-71-20 


MARCH  1971 


THIS  DOCUMENT  IS  SUBJECT  TO  SPECIAL  EXPORT  CONTROLS  AND  EACH  TRANSMITTAL  TO  FOREIGN 
GOVERNMENTS  OR  FOREIGN  NATIONALS  MAY  BE  MADE  ONLY  WITH  PRIOR  APPROVAL  OF  AFRPL 
(STINFO)  EDWARDS,  CALIFORNIA  93523. 


AIR  FORCE  ROCKET  PROPULSION  LABORATORY 


DIRECTORATE  OF  LABORATORIES 
AIR  FORCE  SYSTEMS  COMMAND 
UNITED  STATES  AIR  FORCE 
EDWARDS,  CALIFORNIA 


D  D  CN 

rami jet 


APR  13  t9TI 

rascumaiy 


AFRPL-TR-71-20 


LONG-TERM  ST  OR  ABILITY  OF  PROPELLANT  TANKAGE 


H.M.  White,  2nd  Lt,  USAF 


March  1971 


This  document  is  subject  to  special  export  controls  and  each  transrrtittal 
to  foreign  governments  or  foreign  nationals  may  be  made  only  with  prior 
approval  of  AFRPL  (ST INFO),  Edwards,  California  93523. 


AIR  FORCE  ROCKET  PROPULSION  LABORATORY 
DIRECTORATE  OF  LABORATORIES 
AIR  FORCE  SYSTEMS  COMMAND 
UNITED  STATES  AIR  FORCE 
EDWARDS,  CALIFORNIA 


FOREWORD 


This  report  covers  the  testing  of  liquid  rocket  propellant  tankage  and 
propulsion  subsystems  to  evaluate  their  long-term  storage  characteris.tr 
The  testing  ;s  being  conducted  by  the  Air  Force  Rocket  Propulsion 
Laboratory,  Edwards,  California,  under  project  number  305805FRJ.  i  >■< 
testing  is  being  conducted  in  test  areas  1-40  and  1-36.  The  project 
engineer  is  Lt  Howard  M.  White  and  the  time  period  covered  by  this  report 
is  from  February  1970  through  December  1970.  This  report  supplements 
AFRPL-TR-69-82,  "Long-Term  Storability  of  Propellant  Tankage  and 
Components,  "  and  AFRPL-TR-70-43,  "  Long-Term  Storability  of 
Propellant  Tankage  and  Components,  Interim  Report  No.  2.  " 
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ABSTRACT 


This  report  is  the  third  in  a  series  of  progress  reports  for  the 
Packaged  Systems  Storability  Test  Program  conducted  at  the  Air  Force 
Rocket  Propulsion  Laboratory.  Tentative  conclusions  regarding  storability 
as  affected  by  environment,  propellant  chemistry,  weld  procedures,  and 
stress  levels  are  presented. 
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SECTION  I 


INTRODUCTION 

Expe*  ia*.ce  with  liquid  propellant  rocket  feed  systems  has  shown  that 
leakage- of  oxidizers  can  occur  and  constitute  a  difficult  problem  under 
certain  environmental  conditions.  In  propellant  tankage,  leakage  has  been 
observed  in  or  adjacent  to  weldments.  It  has  been  shown  experimentally 
(Reference  1)  in  the  case  of  that  when  a  vapor  leak  occurs,  the  result 

is  drastically  influenced  by  the  relative  humidity  of  the  atmosphere 
surrounding  the  tanks.  If  the  relative  humidity  is  on  the  order  of  30  percent 
or  lower,  the  nitric  oxide  vapor,  which  is  the  leading  fluid,  dissipates  into 
the  atmosphere  and  does  nothing  to  aggravate  the  leakage*,  If  the  relative 
humidity  is  on  the  order  of  40  percent  or  greater,  however,  it  does  not 
dissipate,  but  rather  hydrolyzes,  forming  dilute  nitric  acid  on  thei  exterior 
surface  in  the  immediate  vicinity  of  the  leak  (Figure  1)#.  The  action  of 
the  nitric  acid  is  to  enlarge  the  original  leakage  path,  working  inward 
toward  the  source  of  the  leak.  Eventually,  a  small,  or  even  minute  vapor 
leak  can  become  a  large  liquid  leak,  if  it  is  allowed  to  proceed.  Although  a 
similar  detailed  experimental  program  has  not  been  performed  with 
storable  fluorinated  oxidizers  such  as  CIF^  and  ClFg,  an  analogous  pro¬ 
cess  would  be  expected  with  hydrogen  fluoride  as  the  hydrolysis  product. 

In  the  past,  the  selection  of  materials  for  system  applications  has  been 
based  on  conventional  fluid  compatibility  testing  to  determine  discoloration, 
pitting,  weight  loss  or  gain,  notch  sensitivity  and  stress  corrosion  cracking 
susceptibility  as  well  as  potential  degrading  effects  on  the  propellant. 


^Figures  and  tables  are  presented  sequentially  beginning  on  pages  12 
and  15,  respectively. 
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Even  after  this  thorough  analysis  and  selection  process,  the  material 
or  the  processing  used  in  the  propellant  tankage  may  not  function  properly 
for  extended  periods  or  may  develop  leaks  during  its  storage  life.  The 
use  of  conventional  compatibility  criteria,  while  certainly  an  essential 
part  of  the  material  selection  process,  has  not  served  to  screen  out 
materials  or  processes  which  are  not  suitable  for  extended  storage  of 
liquid  propellants  when  fabricated  into  system  tankage. 

The  major  limitation  on  interpreting  long-term  storability  effects  in 
realistically  severe  environmental  conditions  of  storage  or  service  life  is 
the  inability  of  conventional  compatibility  criteria  to  predict  leakage. 

Small,  undetected  pin  holes  or  microcracks  could  be  formed  by  an  attack 
of  the  propellant  bn,grain  boundary  precipitates  and  inclusions,  but  would 
not  be  detected  by  weight  gain  or  loss  calculations  and  would  probably  go 
undetected.  The  possibility  of  such  defects  forming  is  greater  in  the 
limited-weldability  materials  where  there  is  a  tendency  for  microcracking. 
The  size  arid  methods  of  producing  test  specimens  used  in  compatibility 
work  eliminates  many  of  the  manufacturing  and  quality  control  problems 
associated  with  production  systems.  Smooth,  polished  samples,  welded 
or  unwelded,  are  not  comparable  to  fabricated  tankage  material. 

No.  2014-T-6  aluminum  is  compatible  with  nitrogen  tetroxide  (N^O^ 
MIL-P-265398);  however,  experience  has  shown  that  leakage  can 

occur  with  this  2014  T-6  material,  usually  in  the  heat-affected  weld  zone, 
in  a  humid  environment  (>  30  percent). 

Long  periods  of  storage  may  affect  the  functional  performance  and 
system  reliability  of  prepackaged  liquid  propulsion  systems.  There  are 
many  areas  to  consider  in  providing  data  to  supplement  coupon  compati¬ 
bility  testing.  Storage  conditions  must  be  selected  that  are  representative 
of  system  operational  conditions.  Such  factors  as  humidity  and  tempera¬ 
ture  play  an  important  role.  A  detailed  propellant  analysis  before  and 
after  testing  is  required  to  evaluate  the  effects  of  storage  on  the  propellant. 
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The  cleanliness  levels  of  test  articles  must  "be  known  for  reasons  of 
safety,  hut  equally  important,  to  evaluate  the  processes  which  were  used 
to  effect  this  level. 

Materials  and  chemicals  used  for  cleaning  may  have  an  effect  on  the 
system  life.  In  the  same  manner,  manufacturing  processes  and  quality 
control  standards  may  impose  many  unforeseen  conditions  which  vary  from 
one  manufacturer  to. another.  Throughout  the  fabrication  of  a  test  article 
(i.  e.,  during  welding.  X-ray  dye  penetrant  inspection  and  testing),  all  data 
should  be  available  to  result  in  a  meaningful  post-failure  analysis  in  the 
event  that  leakage  occurs.  Metal  preparation  prior  to  welding  may  make 
the  difference  between  a  satisfactory  or  unsatisfactory  weld  with  regard 
to  its  ability  to  contain  propellant  without  leakage.  Helium  leak  testing  of 
systems  and  the  technique  of  leak  testing  are  very  important  since  small 
leakage  which  cannot  be  detected  by  X-ray  or  dye  penetrant  inspection  can 
lead  to  propellant  leakage  under  adverse  environmental  conditions.  These 
variables  must  be  known  and  controlled  in  a  meaningful  storability  program. 

The  long-term  storage  of  fuels  presents  a  different  problem. 

Hydrazine  fuels  are  inherently  unstable  and  decompose  at  elevated  tem¬ 
peratures.  This  decomposition  is  catalyzed  by  impurities  in  tankage 
materials,  and  therefore,  tanks  must  be  prepassivated  or  must  be  allowed 
to  seif-passivate  when  loaded  with  propellant.  Coupons  placed  in  propellant 
will  demonstrate  basic  compatibility.  Completely  fabricated  tanks  must  be 
loaded  with  propellant  and  tested  to  determine  which  tankage  materials 
passivate  and  will  therefore  be  capable  of  storing  the  propellant  for  an 
extended  time  with  a  negligible  pressure  rise. 


SECTION  II 


PROGRAM  STRUCTURE 

The  Air  Force  Rocket  Propulsion  Laboratory  (AFRPL)  initiated  a 
program  entitled  "Package  System  Storability"  to  support  laboratory 
compatibility  work.  This  program  deals  with  evaluation  and  demonstration 
of  long-term  (5  to  10  years)  storage  of  tankage,  components  and  integrated 
propulsion  feed  systems  with  present  and1  advanced  propellants.  Materials 
under  investigation  include  aluminum,  steel  and  titanium  alloys.  Test 
systems  include  tankage;  integrated  systems,  consisting  of  tankage  and 
feed  system  components;  and  complete  feed  systems  including  tankage, 
components,  expulsion  devices  and  gas  pressurization  systems. 

The  test  systems  are  divided  into  three  groups  (Reference  2).  The 
tanks  discussed  in  this  report  are  those  which  have  been  added  during  the 
period  of  time  covered  by  this  report. 

Group  I  -  Small  Container  Testing 

There  were  no  additions  to  this  group  during  this  reporting  period. 

Group  II  -  Representative  Tankage 

Tanks  added  to  this  group  are  those  reported  in  the  first  progress 
report  as  Phase  II  tankage  (Reference  3).  These  tanks  were  reported  in 
Group  III  in  the  previous  progress  report  (Reference  2),  but  an  exami¬ 
nation  of  the  fluid  components  associated  with  these  tanks  indicated  that 
the  components  were  not  suitable  for  resumption  of  testing.  The  decision 
was  r.’ade  to  test  the  tanks  above  as  representative  tankage  in  this  group. 
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Group  III  -  Expulsion  and  Feed  System 

Tanks  added  to  this  group  are  three  30 -inch-diameter  rolling  diaphragm 
tanks  (approximately  1100  pounds  of  fabricated  by  the  Reaction 

Motors  Division  of  the  Thiokol  Chemical  Corporation  (Figure  2).  Also 
added  were  two  28 -inch-diameter,  conospheroid  tanks  fabricated  by 
Arde,  Inc.,  (Figure  3).  All  tankage  was  loaded  with  N20^  (MSC-PPC-2A 
specification). 
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SECTION  III 


TEST  FACILITIES 

The  oxidizer  facility  reported  in  the  first  progress  report 
(Reference  3)  is  presently  being  modified  by  the  addition  of  an  MSA 
"billionaire"  toxic  vapor  detector  and  an  automatic  shutdown  system  for 
the  environmental  equipment*  These  modifications  will  prevent  the 
extensive  test  article  and  facility  damage  encountered  when  large  amounts 
of  propellant  are  introduced  into  the  humid  environment  of  the  oxidizer 
test  facility  (Reference  2). 

The  fuel  facility  (Reference  2)  is  also  being  modified  by  the  installation 
of  an  MSA  "billionaire";  however,  no  automatic  shutdown  for  this  facility 
is  planned. 

The  fuel  facility  is  presently  inactive  pending  replacement  of  the 
present  flammable  insulation  with  a  fire  retardant  variety.  This  facility 
is  expected  to  be  in  operation  by  July  1971. 


SECTION  IV 


PROCEDURES 

The  procedures  established  for  testing  of  fuel  and  oxidizers 
(References  2  and  3)  have  remained  essentially  unchanged.  The  only 
change  has  been  the  purchase  of  MSA  "billionaire"  toxic  vapor  detectors 
to  monitor  the  test  facilities  for  a  buildup  in  toxic  vapor  concentration. 

It  is  hoped  that  the  addition  of  these  instruments  will  prevent  the  type  of 
damage  that  has  resulted  in  the  past  when  large  amounts  of  propellant 
have  been  introduced  into  the  test  facility  (Reference  2). 

Also,  the  policy  has  been  established  that  all  cxidizer  test  articles 
added  to  the  test  program  shall  be  painted  to  protect  them  from  attack  in 
the  event  of  a  leak  in  some  other  test  article.  This  policy  was  initiated 
with  the  test  articles  removed  as  a  result  of  the  CIF^  leak  in 
September  1969. 
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SECTION  V 


DISCUSSION  OF  RESULTS 
(FEBRUARY  1 970  -DECEMBER  1970) 

During  this  period,  a  total  of  five  tanks  and  one  integrated 
tankage /expulsion  system  were  subjected  to  post-test  failure  analysis. 
These  reports  are  presented  in  the  Appendix  of  this  report. 

The  tanks  that  formally  comprised  Phase  II  (References  2  and  3)  were 
returned  to  testing  without  the  associated  fluid  components.  It.was 
determined  that  a  large  percentage  of  the  components  was  damaged  beyond 
repair.,  and  since  significant  data  could  be  obtained  from  the  storage  of 
the  tankage  alone,  it  was  decided  to  return  the  tankage  to  testing.  The 
components  associated  with  the  tankage  are  at  present  being  salvaged  or 
subjected  to  post-test  analysis.  A  decision  on  whether  to  continue  with 
storage  testing  of  the  components  will  be  made  at. a  later  date. 


A  summary  of  results  to  date  is  presented  in  Tables  I,  II,  and  III, 


SECTION  VI 


CONCLUSIONS 

The  Package  Systems  Storability  Program  has  accumulated  a 
significant  amount  of  storage  time,  and  sufficient  data,  have  been  collected 
so  that  tentative  conclusions  and  recommendations  can  be  made.  The 
conclusions  and  recommendations  are  based  on  failure  analysis  reported 
in  earlier  progress  reports  and  general  observations  made  during  the 
program. 

It  has  been  observed  that  double  heat  welds  which  occur  at  start/ stop 
points  and  at  weld  intersections  or  at  weld  repairs  lead  to  a  high  incidence 
of  hot  short  cracks.  This  condition  is  especially  prevalent  in  manual 
repair  welds  because  of  poor  control  of  heat  input.  This  would  lead  to  the 
conclusion  that  quality  control  criteria  for  acceptance  of  welds  be  made 
stringent  enough,  especially  in  the  case  of  repair  welds,  to  preclude  the 
acceptance  of  defects. 

This  program  has  demonstrated  the  influence  of  propellant  chemistry 
on  storability.  In  five  separate  cases,  tankage  fabricated  from  titanium 
experienced  failure  due  to  stress  corrosion  cracking  (at  stress  levels 
below  the  generally  accepted  threshold  for  stress  corrosion  cracking)  in 
1  month  or  less  when  loaded  with  "brown”  N^O^  (MIL-P-26539  Specification 
Grade).  At  the  present  time,  there  are  three  titanium  test  articles  with 
more  than  a  year  of  storage  time.  These  are  loaded  with  "green” 
(MSC-PPC-2A  Specification  Grade).  The  principal  difference  between 
the  two  is  the  presence  of  NO  (0.4  to  0.  8  percent)  in  the  MSC-PPC-2A 
grade  of  In  one  instance,  it  was  noticed  that  because  of  poor  tank 

ddsign,  excess  stress  levels  existed  in  the  short  transverse  direction  of 
ihe  material.  This  led  to  tank  failure  due  to  stress  corrosion  cracking, 
indicating  that  tank  design  must  be  carefully  scrutinized  to  preclude  signi¬ 
ficant  stress  levels  along  sensitive  grain  orientations. 
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The  presence  of  trace  amounts  of  tungsten  resulted  from  inclusions 
produced  by  the  tungsten  inert  gas  (TIG)  or  heliarc,  welding  process. 
This  in  turn  resulted  in  the  rapid  development  of  weld  leakage  in  welded 
tube  joints  used  with  C1F,..  This  is  because  the  tungsten  was  removed  in 
the  form  of  gaseous  tungsten  fluoride,  and  it  in  turn  resulted  in  a  leak 
path.  This  process  is  somewhat  analogous  to  intergranular  corrosion. 
The  problem  of  tungsten  in  fluoride  service  points  up  the;  need  for  strict 
quality  control  and  the  rejection  of  any  weld  showing  traces  of  tuhgsteh 
inclusions. 
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SECTION  VII 


RECOMMENDATIONS 

In  line  with  the  conclusions  presented  in  the  preceding  section  of  this 
report,  tentative  recommendations  can  be  made  with  regard  to  improving 
the  storability  characteristics  of  liquid  rocket  propellants. 

It  is  recommended  that  quality  control  systems  be  reviewed  to  preclude 
the  possibility  of  the  acceptance  of  tankage  with  poor  design  characteristics 
(i.e.,  excess  stress  along  sensitive  grain  orientations)  or  questionable 
welds  (i.e.,  hot  short,  cracks  in  double  pass  regions,  or  trace  inclusions). 

It  is  also  recomrAended  that  in  the  case  of  titanium  tankage  loaded 
with  N^O^,  the  propellant  have  sufficient  NO  content  so  as  to  prevent  the 
initiation  of  stress  corrosion  cracking. 
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Hygroscopic  Action  of  N2O4  Vapor 
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NOTE:  LGG  ~  ^iquid  gas  generator;  SGG  —  solid  gas  generator;  H  =  stored  helium;  ST  =  surface  tension;  RD  =  rolling 
diaphragm. 
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MATERIALS :  2219-T852  A1  alloy  tank  bulkheads  } 

2219-T31  A1  alloy  tank  cylinder  j  2Ji9  A1  alioy  waW  fllier 


1100-0  A1  aLloy  inlet  f»  outlet  b.urst  discs  ■ 

>‘li  relief  valve  rupture  disc 

6061-Tb  A1  alloy  bobbin  seal  { 

l 

300  series  stainless  steel  tubing  &  plumbing  fixtures. 

2.  3ACKGK00N;0i  Storage  of  CIF5  in  'a  15-gal,  A1  alloy  tank  for  3  1/2.  years  at  85°^ 
852  relative  humidity  was  terminated  due  to  severe  corrosion  of  the  relief  valve 
rupture  disc  and  scattered  surface  corrosion  of  other  plumbing  components. 

| 

3.  JOdS :  CiFrj  entered  tee  plumbing  via  tiny  holes  corroded  through  tne  j 

periphery  of  the  inlet  burst  disc  and  the  bobbin  seal  foil.  (Figs  1-5),  The  holes j 
in  the  inlet  burst  disc  (Fig.  7)  were  probably  the  result  of  a  thin  cross-section,* 
about  0.002  in.-  in  thickness,  which  contained  voids  (Vig.  6),  and  slight  corrosion! 
by  -the  CIF5,  | 

'fESTS  &  DISCUSSION;  The  CIF^  leaked  from  the  tank  into  the  plumbing  and  sub¬ 
sequently  corroded  through  the  relief  valve  rupture  disc.  The  exterior  of  the 
tank  and  its  plumbing  had  a  pock  mark  pattern  indicative  of  CIF5  spraying  from  the 
relief  valve.  The  interior  of  the  entire  system  generally  exhibited  no  corrosion.; 
iVo  exceptions  weret  a  spring-loaded  pin  in  the  regulator  had  a  thin,  tenacious,  | 
yellow  film  on  its  tip;  and,  the  surface  of  the  cavity  directly  behind  the  relief  j 
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valve  rupture  disc  was  corroded.  With  a  stereo-microscope  at  70X,  three  tiny 
corrosion  passageways  were  detected  at  the  periphery  of  the  inlet  burst  disc, (Figs  lr4) 
and  none  on  the  outlet  burst  disc.  Metallographlc  examination  (up  to  400X)  of  a  cross- 
section  of  the  inlet  burst  disc  revealed  voids  in  the  metal  (Fig.  6).  The  voids  were 
apparently  large  enough  in  the  rupture  region  (>  .0U2"  thick)  of  the  disc  so  as  to 
effect  pitting  and  reduce  the  cross-section  for  holes  to  penetrate.  A  deposit  on  the 
outward  side  of  the  bobbin  seal  foil  (Fig.  5)  conclusively  Indicated  that  the  CIF5 
leaked  from  the  tank  outward  into  the  plumbing. 
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Failure  Analysis  on  four  2014-T6  A1  Alloy  Tanks,  I 

j««1M«l  limn  m  n . i<-.v  hiJ'  *-  .11).  ► 

■*11  rn  mte**m*m*m  »*.  ■ '  ,*.v,  ,-v'r- .  >  .  ■  -  .  r  w  -.  .  i. .  *  .  .  j 

!•  MATERIAL :  2C14-T6  A1  Alloy  Tanks  with  4043  aluminum  alloy  weld  filler  metal,  * 

11*  BACKGROUND:  Tanks  numbered  9,  73,  75  and  77  stored  CIF5  for  655  days  before 
tank  #75  developed  a  leak  at  the  top  boss  weld  area  (Fig.  1).  The  other  tanka  ‘ 

were  removed  from  test  due  to  existing  cracks  (Fig.  2)  at  both  the  top  and  bottom  , 

boss  weld  areas.  j 

j 

HI s  CONCLUSIONS :  Tank  #75  failed  as  a  result  of  intergranular  corrosion  at  the  j 
top  boss  weld  area.  Intergranular  corrosion  existed  on  the  other  three  tanks  al-  j 
though  the  cracks  had  not  yet  progressed  through  the  thickness  of  the  weld  bead,  i 

l 

i 

IV:  TESTS:  j 

1.  M^CRO EXAMINATION :  All  of  the  tanks  were  lightly  etched  over  their  entirej 
external  surfaces.  Cracks  were  readily  evident  at  the  top  and  bottom  boss  welds  j 
of  all  of  the  tanks  (Fig.  2).  Tank  #75  had  a  build-up  of  corrosion  products  at  j 
the  top  boss  weld  area,  (Fig.  1)  The  internal  surfaces  of  the  tanks  were  not  j 
etched.  A  through  crack  (Figs,  4  &  5)  was  observed  in  Tank  #75  opposite  the  cor-  J 
rosion  products  on  the  external  wall.  None  of  the  other  tanks  had  through  cracks.. 

2.  LEAK  CHECK  -  The  tanks  were  pressurized  to  25-30  psi  with  GN2  and  leak  J 
tested  with  a  soap  solution.  The  only  tank  that  leaked  was  #75  despite  the  fact  j 
that  all  of  the  tanks  had  developed  cracks  as  gross  as  the  one  shown  in  Figs  2  &  3. 

3.  METALLOGRAPHIC  EXAMINATION  -  Figs  6  &  7  show  intergranular  corrosion  in  ' 

the  girth  weld  bead  of  Tank  #75.  This  type  of  corrosion  was  evident  in  the  weld  ! 
beads  of  all  of  the  tanks,  although  corrosion  attack  was  more  severe  in  the  top  j 
and  bottom  boss  weld  areas  than  in  the  girth  welds.  j 

Figs  8  &  9  show  intergranular  corrosion  in  the  heat-affected-zone  (HAZ)  of  a  I 
girth  weld  bead  of  tank  #9.  It  is  significant  to  note  that  this  particular  tank,  \ 
jwhich  had  not  developed  any  leaks,  was  suffering  corrosion  attack  from  the  inside 
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XFig  8)  as  well  as  from  the  outside  (Fig.  9). 

4.  CORR^CTON, PRODUCT  ANALYSIS: 

a.  X-Ray  Analysis  -  the  white  corrosion  products  from  Tank  #75  were  heated 

to  920°C,  then  analyzed  by  x-ray  diffraction.  The  products  were  identified  as 
a-A^O-j,  and  AIJF3. 

b.  Fluoride  Analysis  -  The  external  wall  of  tank  #73,  which  had  not  developed  a 
leak,  was  rinsed  with  water  and  the  washings  analyzed  for  fluorides.  This  test  was 
undertaken  to  determine  whether  HF  attack  occurred  due  to  adjacent  leaking  tanks. 
Approximately  0.4  milligrams  of  water  soluble  fluorides  were  present  from  one-half 

of  the  surface  of  tank  #73.  This  confirmed  that  HF  attack  from  some  external  source 
had  taken  place. 

V.  DISCUSSION:  Considerable  literature  research  was  undertaken  during  the  analysis 
of  this  problem.  (1,  2,  3,  4,  5). 

Reference  3,  reports  no.  69/34R,  69/39R  and  69/41R  are  failure  analysis  reports 
on  6061  aluminum  alloy  tanks  that  stored  CIF5.  All  three  reports  state  that  the 
cause  of  failure  was  external  pitting  and  intergranular  corrosion.  The  external 
corrosion,  the  reports  state,  was  caused  by  CIF^  from  some  adjacent  leaking  vessel 
which  resulted  in  acid  formation  on  the  surface  of  the  particular  tank  being  analyzed. 

The  cracks  (Fig  2)  on  the  four  tanks  submitted  to  the  Met  Lab  appear  identical 
to  the  cracks  formed  on  the  6061  aluminum  alloy  tanks  referenced  above.  In  addition, 
para.  IV  (3),  (4)  of  this  report  describe  the  same  failure  mechanism,  i.e,  intergranular 
corrosion. 

However,  reference  1,  pgs  296-297,  indicates  that  in  some  commercial  casting  alloys, 
copper  imparts  moderately  high  strength  and  improved  machinability,  with  reduced 
ductility  and  lower  resistance  to  corrosion.  In  addition,  the  same  reference,  pg  231, 
describes  the  mechanism  of  Intergranular  corrosion  in  aluminum-copper  alloys  as  being 
due  to  potential  differences  between  the  grain  boundary  region  and  the  abutting  grain 
bodies.  This  potential  difference  is  due  to  (a)  regions  of  solid  solution  in  the  grain 
bodies  containing  a  relatively  high  amount  of  copper  in  solid  solution(cathodes),  and 
(b)  a  narrow  band  on  each  side  of  the  grain  boundaries  that  is  relatively  depleted  of 
copper  (anodes).  The  depletion  of  copper  is  due  to  -the  "tying-up"  of  the  copper  in 
the  form  of  CUAI2  precipitates  at  the  grain  boundary. 

It  was  reported  to  the  Met  Lab  by  the  project  engineer,  Lt.  White,  that  the  filler 
weld  material  used  on  the  2014-TG  aluminum  alloy  tanks  was  4043  aluminum  alloy. 

References  (1)  and  (2)  both  indicate  that  4043  aluminum  alloy  is  indeed  the  best  choice 
for  welding  2014.  However,  Table  1  shows  the  copper  content  of  4043  standard  (std) 
and  what  atomic  absorption  analysis  showed  the  copper  content  to  be  for  the  different 
weld  beads  listed.  Note  that  all  of  them  contain  an  excess  amount  of  copper,  relative  to 
the  standard.  This,  plus  the  fact  that  intergranular  corrosion  was  taking  place,  led 
the  author  of  this  report  to  believe  that  there  might  be  a  deleterious  amount  of  CuA^ 
precipitate  at  the  grain  boundaries  of  the  weld  material.  "Deleterious  amount’’  is 
nebulous  terminology  in  that  as  far  is  this  author  could  determine  the  literature  docs 
not  provide  information  as  to  how  much  CuAl2  at  the  grain  boundaries  would  be  "too 
much.M  Reference  (1)  pgs  59,  140, characterize  aluminum-copper  alloys  as  forming  CuAl2 
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and  how  the  cooling  rates  and  subsequent  heat  treatments  affect  the  amount  r>f  this 
precipitate  at  the  grain  boundaries.  As  mentioned  previously ,  this  precipitate 
accounts  for  the  mechanism  of  intergranular  corrosion.  Although  the  4043  aluminum 
alloy  weld  is  not  considered  an  aluminum-copper  alloy ,  it  does  have  a  prescribed 
amount  of  copper  (0.3%)  in  it.  This  amount  seems  to  have  been  exceeded  (see  Table  1) 
in  all  cases. 

In  view  of  the  above,  Sloan  Research  Industries,  Santa  Barbara,  California, 
has  been  requested  to  conduct  some  microprobe  analysis  work  to  determine  qualita¬ 
tively  and  quantatively  the  precipitates  present  at  the  grain  boundaries  of  some 
4043  welds  cut  from  the  2014-T6  aluminum  alloy  tanks  submitted.  The  author  feels 
that  this  work  will  confirm  whether  the  failures  are  due  s^’sly  to  acid  attack 
from  previous  leaking  tanks  or  if  the  failure  is  due  to  a  combination  of  the 
latter  and  excess  CuAl2(?)  precipitates  at  the  grain  boundaries. 

NOTE:  The  microprobe  analysis  results  will  be  submitted  as  soon  as  the  report  is 
received  from  Sloan  Research  Industries. 


TABLE  I 


SAMPLE 

%  Cu 

%  Ca* ** 

%  As** 

%  1 

*  4043  STD 

0.3 

0 

0 

0 

4043  Girth  Weld  (Tank  075) 

1.3 

0 

0 

0 

4043  Boss  Weld  (Tank  075) 

0.8 

0 

0 

0 

4043  Boss  Weld  (Tank  09) 

1.3 

0 

0 

0 

4043  Boss  Weld  (Tank  073) 

0.7 

0 

0 

0 

4043  Boss  Weld  (Tank  079) 

1.4 

0 

0 

0 

*  4043  Standard  has  other  alloying  elements  not  shown  in  this  table. 

**  Impurities  (Ref.  2) 
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Figure  9.  External  Wall  of  Tank  No.  9, 
Unetched  Hazard  Area  of 
Girth  Weld  (200X) 
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